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Abstract Optimum rate and timing application of nitro-
gen (N) fertilizer are most crucial in achieving high yield in
irrigated lowland rice. In order to assess leaf N status, a
semidwarf rice cultivar (Khazar) was grown with different
N application treatments (0, 40, 80, and 120 kg N ha-1
splited at transplanting, midtillering, and panicle initiation
stages) in a sandy soil in Guilan Province, Iran, in 2003.
The chlorophyll meter (SPAD 502) readings were recorded
and leaf N concentrations were measured on the uppermost
fully expanded leaf in rice plants at 10-day internals from
19 days after transplanting to grain maturity. Regression
analysis showed that the SPAD readings predicted only
23% of changes in the leaf N concentration based on
pooled data of leaf dry weight (Ndw) for all growth stages.
However, adjusting the SPAD readings for specific leaf
weight (SPAD/SLW) improved the estimation of Ndw, up
to 88%. Specific leaf weight (SLW), SPAD readings, leaf
area and weight as independent variables in a multiple
regression analysis predicted 96% of the Ndw changes,
while SPAD readings independently predicted about 80%
of leaf N concentration changes on the basis of leaf area
(Na). It seems that chlorophyll meter provides a simple,
rapid, and nondestructive method to estimate the leaf N
concentration based on leaf area, and could be reliably
exploited to predict the exact N fertilizer topdressing in
rice.
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Introduction
Leaf nitrogen is closely related to photosynthesis rate and
grain yield in rice (Peng et al. 1995a). It is a sensitive
indicator for the dynamic changes in plant nitrogen, so
nitrogen status monitoring during the growing period is
essential to achieve efficient nitrogen fertilizer manage-
ment and higher grain yield in paddy rice. Since, most
rice farmers due to its time consuming procedures (10–
14 days) do not generally use the direct measurement of
leaf nitrogen concentration, so a method simple, rapid,
and reliable field scale method is necessary to detect the
leaf nitrogen status and predict the precise time and rate
of nitrogen fertilizer topdressing. The chlorophyll meter
provides a simple, rapid, and nondestructive method for
estimating leaf chlorophyll content (Watanabe et al.
1980). Several investigators demonstrated that the leaf
chlorophyll content on the basis of leaf area could be
estimated using chlorophyll meter (Chubachi et al. 1986;
Jiang and Vergara 1986; Yadava 1986). Since, much of
leaf nitrogen is involved in enzymes associated with
chlorophyll, the chlorophyll content evaluation using
SPAD and its relation with leaf nitrogen concentration
could provide an indirect assessment of leaf nitrogen
status (Chapman and Barreto 1997).
Turner and Jund (1991) indicated that the chlorophyll
meter could be used to predict the requirement of nitrogen
topdressing prior to panicle initiation and panicle differ-
entiation stages in semidwarf rice cultivars. Peng et al.
(1993) reported that the estimation of leaf nitrogen
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concentration by means of chlorophyll meter was closely
related to specific leaf weight (SLW). They showed that
SPAD readings could justify about 49.5% of variation in
the leaf nitrogen concentration based on pooled data of leaf
dry weight (Ndw), but adjusting SPAD readings for SLW
(SPADadj) improved the prediction of Ndw (r
2 = 0.93)
across growth stages in rice. Furthermore, Peng et al.
(1995b) demonstrated that the correlation coefficient
between SPAD readings and leaf nitrogen concentration
based on leaf area (Na) was more than SPAD readings and
Ndw (r = 0.81 and r = 0.43, respectively).
Previous studies have shown that the regression equa-
tions for leaf chlorophyll content (Ndw or Na) on the
chlorophyll meter reading differed markedly depending on
growth stage, genotype and environmental conditions (e.g.
location, radiation, soil fertility, biotic and abiotic stresses)
that have been reported to confound meter calibration for N
content estimation in rice and many plant species (Takebe
and Yoneyama 1989; Peng et al. 1993; Campbell et al.
1990; Smeal and Zhang 1994; Balasubramanian et al.
2000). Peng et al. (1995b) presented that the accurate
prediction of plant nitrogen status with SPAD apparatus
requires an individual calibration of the relationship
between SPAD readings and nitrogen concentration for
different rice cultivars grown under specific growth con-
ditions and at a specified growth stage.
The objectives of the present study were the calibration
of chlorophyll meter (SPAD) in an improved rice cultivar
(Khazar) grown at the northern climatic conditions of Iran
and determination of the best relationship between SPAD
readings and leaf nitrogen concentration based on pooled
data of leaf dry weight (Ndw) and leaf area (Na) in rice plant
for prediction of leaf nitrogen using SPAD.
Materials and methods
Field experiment was conducted in a coastal light texture
soil (88% sand, 8% silt, and 4% clay) with pH 6.5,
0.66 g kg-1 organic C, 0.07 g kg-1 total N, 89 mg kg-1
K, 33 mg kg-1 P, and 65 dsm-1 electrical conductivity in
Bandar Anzali (37280 N, 49280 E, 20 m down sea level),
Guilan province, Iran, in 2003. The semidwarf cultivar
Khazar (resulted from a crossing between TNAU7456
cultivar and a sister line of IR36 named IR2081-62-1-52),
with 110 cm plant height and around 130 days growth
duration was grown in a wet bed nursery. Twenty-five-
days-old seedlings were transplanted on May 20 with
spacing of 20 9 20 cm and four plants per hill. Six
Nitrogen fertilizer rates (in urea form) were applied in a
randomized complete block design with three replications
and splited at transplanting (basal, BA), midtillering
(34 days after transplanting, MT) and panicle initiation
(53 days after transplanting, PI) and compared with nitro-
gen free plots as control treatment (Table 1). All plots were
30 m2 and received 45 kg/ha P (in superphosphat triple
form) and 100 kg/ha K (in K2SO4 form) and incorporated
in the soil 1 day before transplanting. Field was flooded
1 day after transplanting (DAY) and the water depth was
maintained at 5–10 cm until 7 days before maturity.
Weeds, insects, and diseases were controlled according to
conventional management procedure.
A chlorophyll meter [SPAD-502, Soil and plant analysis
development (SPAD), Minolta Camera Co. Osaka, Japan]
was used for chlorophyll measurement on ten top fully
expanded leaves (i.e. index leaves) per plot at 19, 29, 39,
49, 59, 69, 79, 89 and 99 DAY, and three SPAD readings
(dimensionless values, 650/940 nm wave lengths trans-
mittance ratio) were taken around the midpoint of each leaf
blade, 30 mm apart from one side of the midrib. Thirty
SPAD readings were averaged to represent the mean SPAD
readings of each plot. After SPAD readings, ten leaves
from each plot were pooled for measuring leaf area (LA)
(m-2), leaf weight (LW) (g), specific leaf weight (SLW)
(g m-2), and N concentration. Leaf area was measured on
site by weighting method (in order to avoid leaves
shrinkage, furthermore by a leaf area meter, LI 3100, Li-
Cor, Lincoln, NE) and dry weight was recorded after oven
drying at 70C for 72 h. SLW was calculated as the ratio of
dry weight to leaf area. Leaf N concentration was deter-
mined by Kjeldahl digestion and distillation (Chapman and
Pratt 1961), and expressed on the basis of leaf dry weight
(Ndw) and area (Na).
Simple and multiple regression analysis were performed
(SPSS 1999) between Ndw, Na, SPAD readings, and SPA-
Dadj values using data from each growth stage and pooled
data across growth stages. Correlation coefficients between
all variables were also determined at all stages using SAS
program (SAS Institute 1996).
Table 1 Nitrogen fertilizer application treatments at three crop
growth stages
Treatment Nitrogen fertilizer rates (kg/ha)a
BA MT PI
Control – – –
(T2) 40 – –
(T3) 40 40 –
(T4) 40 20 20
(T5) 60 60 –
(T6) 60 30 30
a BA, MT and PI represents basal, mid-tillering and panicle initiation
growth stages
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Results
Results showed a positive significant correlation (P
B 0.01) between Ndw and SPAD readings at each growth
stage and pooled data for all stages (Table 2). Regression
analysis indicated that there was a significant linear
regression between Ndw and SPAD readings within and
across growth stages. For the pooled data of the nine
sampling dates, relationship between Ndw and SPAD
readings was poor (r2 = 0.232), and only about 23% of
variation in Ndw was explained by chlorophyll meter
reading (Table 3; Fig. 1).
Ndw ¼ 2:1397SPAD  47:759 R2 ¼ 0:232
  ð1Þ
Stepwise regression analysis indicated that SLW, SPAD
readings, LA and LW as independent variables, significantly
(P B 0.01) explained the variability of Ndw (Table 4):
Ndw ¼ 2:108SPAD  0:836SLW  11842:5LA
þ 175:18LW R2 ¼ 0:959  ð2Þ
According to Eq. 2, the total predictable variation of Ndw on
the basis of SPAD readings (18.5%), SLW (68.3%), LA
(2.9%), and LW (6.3%), was about 96%, which was about
72.7% more than Eq. 1. Furthermore, regression analysis
at each sampling stage showed that SLW as the first or
second independent variable increased the determination
coefficient of regression model, and the multiple regression
predicted Ndw changes precisely rather than the simple
regression (Table 7). These results showed that SLW
affected the chlorophyll meter readings, and increased the
accuracy of Ndw prediction by the chlorophyll meter. The
leaf N concentration based on pooled data of leaf dry weight
(Ndw) on top fully expanded leaves generally decreased and
Table 2 Correlation coefficients (r) between chlorophyll meter
(SPAD) readings and nitrogen concentration based on leaf dry weight
(Ndw) and leaf area (Na), and between Ndw and adjusted SPAD











19 18 0.909** 0.935** 0.917**
29 18 0.862** 0.984** 0.969**
39 18 0.859** 0.981** 0.903**
49 18 0.860** 0.934** 0.936**
59 18 0.739** 0.969** 0.992**
69 18 0.939** 0.969** 0.854**
79 18 0.906** 0.984** 0.833**
89 18 0.925** 0.987** 0.872**
99 18 0.881** 0.957* 0.943**
Pooled 162 0.486** 0.897** 0.914**
SPAD Soil and plant analysis development (Minolta Co. Ltd.)
** Significant at 1% level of probability
Table 3 Regression analysis (pooled) between chlorophyll meter (SPAD) readings and nitrogen concentration based on leaf dry weight (Ndw)
and leaf area (Na), and between Ndw and adjusted SPAD readings (SPADadj) by specific leaf weight (SPAD/SLW) at all growth stages
Source of variation df MS R2adj Intercept Slope of regression
Linear Quadratic Cubic
SPAD and Ndw Linear 1 4734.052
** 0.232 -47.7586** 2.1397**
Residual 160 95.513
Quadratic 2 2367.041** 0.226 -50.2054ns 2.2776ns 0.0019ns
Residual 159 96.114
SPAD and Na Linear 1 15.579** 0.803 -2.9336** 0.1227**
Residual 160 0.0236
Quadratic 2 7.859** 0.809 -2.3526ns 0.1751ns 0.0042ns
Residual 159 0.0229
SPADadj and Ndw Linear 1 16722.90** 0.834 -5.8936* 48.6569
**
Residual 160 20.583
Quadratic 2 8627.92** 0.860 -27.2456** 107.5377** -37.1233**
Residual 159 17.360
Cubic 3 5880.72** 0.879 41.9087** -185.1965** 352.8336** -136.2711**
Residuals 158 15.025
SPAD Soil and plant analysis development (Minolta Co. Ltd.)
ns Non significant
* Significant at 5% level of probability
** Significant at 1% level of probability
Paddy Water Environ (2008) 6:181–188 183
123
SLW increased with plant age (Table 5), and there was an
integrated divergent trends in Ndw and SLW. A negative and
significant correlation between SLW and Ndw (r = -0.827)
has been observed for pooled data and SLW had a
reciprocal relationship with SPAD readings for explaining
the changes of Ndw at the multiple regression (Table 4,
Eq. 2). It’s been seen that thicker leaves promoted SPAD
readings without increase in leaf N concentration. Therefore
in order to eliminate the effect of SLW on SPAD values,
SPAD readings were adjusted based on SLW (SPAD/SLW)
and were defined as SPADadj = SPAD/SLW. Regression
analysis showed that the SPADadj values (for pooled data)
had a cubic relationship with Ndw (Table 3; Fig. 2):
Ndw ¼ 163:271SPAD3adj þ 352:834SPAD2adj
 185:196SPADadj þ 41:909 R2 ¼ 0:878
  ð3Þ
In comparison with SPAD readings, SPADadj values
increased probable prediction of total variation in Ndw from
23 to 88% for pooled data at all stages (Table 3; Fig. 1 vs.
Fig. 2).
Evaluation of the correlation coefficients showed that
there was no significant correlation between Ndw and
SPAD readings, but SPADadj values had significant corre-
lation with Ndw (Table 6). Although, during the growth
period, SPADadj values indicated closer linear correlation
with Ndw than SPAD readings at 19, 29, 39, 49, 59, and 99
DAY and pooled data in all stages, but it decreased at 69,
79, and 89 DAY (after panicle initiation and flowering
stages) (Table 4).
Regression analysis showed that there was a significant
linear regression between Na and SPAD readings within
each growth stage (data not shown) and for pooled data
across growth stages (Table 2; Fig. 3). SPAD readings (for
pooled data) explained a higher contribution of Na changes
than Ndw (80 vs. 23%, respectively) (Table 3; Eq. 4). In
addition, a significant correlation was observed between Na
and SPAD readings in both within treatments and growth
stages (Tables 2, 6):
Na ¼ 0:1227SPAD  2:9337 R2 ¼ 0:803
  ð4Þ
Based on Eq. 5, the improved estimation of change of Na
on the basis of SPAD readings (80.5%), LA (4.3%), LW
(1.4%), and SLW (1.1%), was up to 87.1%, which was only
6.8% more than Eq. 4. The SLW had the least effect on
relationship between Na and SPAD readings (Table 5).
Since, SPAD values explained, with reasonable accuracy,
























Fig. 1 Relationship between nitrogen concentrations based on leaf
dry weight (Ndw) and chlorophyll meter (SPAD) readings for pooled
data at all growth stages
Table 4 Multiple regression analysis between leaf nitrogen concentration based on leaf dry weight (Ndw) and chlorophyll meter (SPAD)
readings, leaf weight (LW), leaf area (LA), and specific leaf weight (SLW) for pooled data at all growth stages
Regression model df MS R2adj Regression coefficients
Intercept SLW (g m-2) SPAD LA (m-2) LW (g)
SLW 1 13695.56** 0.682 65.07** -0.768**
Residuals 160 39.504
SLW, SPAD 2 8690.02** 0.867 3.074ns -0.655** 1.892**
Residuals 159 16.6
SLW, SPAD, LA 3 5992.81** 0.896 -14.548** -0.47 ** 2.105** -2521.66**
Residuals 158 12.9
SLW, SPAD, LA, LW 4 4801.2** 0.959 2.388ns -0.836** 2.108** -11842.5** 175.18**
Residuals 157 5.17
SPAD Soil and plant analysis development (Minolta Co. Ltd.)
ns Non significant
** Significant at 1% level of probability
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seems that there is no need for adjusted SPAD readings
with SLW in Eq. 4.
Na ¼ 0:127 SPADð Þ  251:973 LAð Þ þ 3:533 LWð Þ
 0:00666 SLWð Þ  2:612 R2 ¼ 0:871 ð5Þ
Discussion
Based on results of the present study, there was a poorer
relationship between Ndw and SPAD readings for pooled
data of the nine growth stages (r2 = 0.23) than each growth
stage (r2 = 0.52–0.87). It seems that, this was due to the
regression line slope variations between Ndw and SPAD
readings within the nine sampling stages. Comparison of
the simple regression coefficients indicated that there were
significant differences (P B 0.05) between the linear
regression coefficients of 19, 39, 49, and 79 versus 29, 59,
69, and 99 DAY (Table 7). Therefore, when data of the
nine sampling stages were pooled, the coefficient of
determination (R2) considerably decreased due to the sig-
nificant regression slopes at different growth stages. Peng
et al. (1995b) reported a poor linear correlation between
Ndw and SPAD readings for pooled data of ten growth
stages (r = 0.43) in comparison with each sampling stage
(r = 0.70–0.86).
Peng et al. (1993) had also demonstrated that the leaf
thickness variation (SLW) was the main reason for variable
relationship between Ndw and SPAD readings. In compar-
ison with the effects of growth stages (Table 7), the effect
of N fertilizer on the SLW was minor and inconsistent in
this study (data not shown). In general, the mean com-
parisons showed that Ndw of the uppermost fully expanded
leaves significantly decreased, but SLW increased as plant
growth proceeded. This finding was similar to the results of
Peng et al. (1995b). Therefore, the closer correlation
between Ndw and SPAD readings at each growth stage than
across growth stages may be due to the lower variation in
SLW within a stage than all stages (Table 4). In addition,
the regression equation between Ndw and SPAD readings
was improved when SPAD readings were adjusted for
SLW (Eq. 1 vs. Eq. 3), and/or SLW was entered in the
multiple regression as a first or second independent vari-
able (Table 7; Eq. 1 vs. Eq. 2). This may be related to
difference in leaf thickness. In fact, leaf thickness may lead
to increase in number of mesophyll and palisade cells layer
in leaf blade. This may result in higher and much efficient
light guide within palisade cells toward mesophyll spongy
cells to eliminate light dilution (reflection, refraction and
Table 5 Multiple regression analysis between leaf nitrogen concentration based on leaf area (Na) and chlorophyll meter (SPAD) readings, leaf
weight (LW), leaf area (LA), and specific leaf weight (SLW) for pooled data at all growth stages
Regression model df MS Regression coefficients
R2adj Intercept SPAD LA (m
-2) LW (g) SLW (g m-2)
SPAD 1 15.579** 0.803 -2.9336** 0.123**
Residuals 160 0.0236
SPAD-LA 2 8.213** 0.846 -2.907** 0.126** -57.867**
Residuals 159 0.0185
SPAD-LA-LW 3 5.57** 0.86 -2.975** 0.129** -185.447** 1.795**
Residuals 158 0.0168
SPAD-LA-LW-SLW 4 4.233** 0.871 -2.612** 0.127** -251.973** 3.533** -0.00666**
Residuals 157 0.0155
SPAD Soil and plant analysis development (Minolta Co. Ltd.)
























Fig. 2 Relationship between nitrogen concentrations based on leaf
dry weight (Ndw) and adjusted chlorophyll meter (SPAD) readings
(SPAD/SLW) for pooled data at all growth stages
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scatter). The transmitted light could be absorbed by chlo-
roplast of mesophyll spongy cells, and may lead to higher
photosynthetic efficiency (Taiz and Zeiger 1991). The
chlorophyll meter estimates the chlorophyll content of a
leaf based on the intensities of transmitted red band
(around 650 nm), which is highly absorbed by chlorophyll,
and in the infrared band (around 940 nm) where absorption
is low (Minolta 1989). Therefore, SLW, which is related to
leaf thickness (Chiariello et al. 1989) affected SPAD
readings and prediction of Ndw. Peng et al. (1992) reported
that thick leaves increased SPAD readings and thicker
leaves (i.e. higher SLW) absorbed red light more than
infrared light in leaves with similar chlorophyll content on
the basis of leaf area. Peng et al. (1993) also demonstrated
that SLW in the multiple regression improved prediction of
Ndw than simple regression similar to SPADadj, because
differences in leaf thickness contributed to the variability in
the linear relationship between Ndw and SPAD readings
(Campbell et al. 1990). The nonlinear relationship between
Ndw and SPADadj (Eq. 3) observed in the present experi-
ment may be due to the same reason.
Marquard and Tipton (1987) reported a stronger rela-
tionship between chlorophyll meter readings and
chlorophyll concentration based on leaf area than leaf
weight. Besides, chlorophyll content in a leaf is closely
correlated with leaf N concentration (Evans 1983; Black-
mer and Schepers 1994). Based on these findings, it is
expected that SPAD readings predicted more contribution
from the variation in Na. Peng et al. (1995b) indicated that
chlorophyll meter estimates Na better than Ndw within and
across growth stages, and SLW has a minor effect on the
relationship between Na and SPAD readings. Results of the
present study also support this finding, that SPAD readings
explained 80% of the total variation in Na across growth
stages (Eq. 4).
Chlorophyll content prediction on leaf area basis has
been demonstrated for rice, cotton, soybean, sorghum,
tomato, corn, grape and apple (Jiang and Vergara 1986;
Yadava 1986; Marquard and Tipton 1987; Tenga et al.
1989; Campbell et al. 1990; Dwyer et al. 1991; Fanizza
et al. 1991). Reports on maize and rice showed that the
linear relationship between SPAD and foliar N content can
be improved if foliar N is expressed as N mass per leaf area
(Chapman and Barreto 1997).
Although SLW together with leaf weight and area in
multiple regression increased prediction of Ndw by chloro-
phyll meter (SPAD) readings (about 96%), and adjusted
SPAD readings for SLW had strong linear correlation with
Ndw (r
2 = 0.834), determination of SLW is a destructive,
long, and laborious process. Because a relationship between
leaf N concentration based on leaf area (Na) and chlorophyll
meter reading provides a simple, rapid, and nondestructive
procedure, it is suggested for estimation of leaf N concen-
tration of semidwarf rice cultivars by SPAD readings.
Conclusion
Results presented in this study provided strong evidence
that there was a statistically significant (P \ 0.01) rela-
tionship between leaf N concentration and chlorophyll
meter (SPAD-502) readings. These relationships may be
improved by incorporating specific leaf weight (SLW) into
the multiple regression equation, adjusting the SPAD
readings for specific leaf weight (SPAD/SLW), or by pre-
dicting leaf N concentration per unit leaf area, instead of N
Table 6 Correlation coefficients of nitrogen concentration based on
leaf dry weight (Ndw), leaf area (Na) and chlorophyll meter (SPAD)
readings, and between Ndw and adjusted SPAD readings (SPADadj) by










Control 9 0.933** 0.463ns 0.821**
(T2) 9 0.941** 0.572ns 0.935**
(T3) 9 0.945** 0.555ns 0.836**
(T4) 9 0.868** 0.105ns 0.854**
(T5) 9 0.936** 0.619ns 0.872**
(T6) 9 0.900** 0.170ns 0.902**
ns Non significant
** Significant at 1% level of probability























Fig. 3 Relationship between nitrogen concentrations based on leaf
area (Na) and chlorophyll meter (SPAD) readings for pooled data at
all growth stages
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concentration per unit leaf dry weight. These findings
showed that SPAD values could be substantially affected
by a number of factors, particularly leaf thickness, in
addition to chlorophyll concentrations. The best linear
regression equation explained 80% of the variation
between SPAD readings and leaf N concentration per unit
leaf area. Part of the unexplained variation may be due to
the heterogeneity of leaf thickness and N distribution in the
leaf. Thus, Chlorophyll meter (SPAD-502) as an effective
and useful device may assist to identify N levels for more
precise N management. It can be concluded that the por-
table N-Tester chlorophyll meter can be used as an easy
and fast tool to predict nitrogen status based on leaf area
and the critical leaf color grade for use in determining the
timing of N topdressing in the rice plant under field
conditions.
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